We have investigated in 30 patients the metabolic and hormonal responses to middle ear surgery using induced hypotension to a mean arterial pressure of 55 mm Hg. A standardized anaesthetic technique of propranolol, thiopentonevecuronium-isoflurane was used in all patients and hypotension induced with sodium nitroprusside, trimetaphan camsylate or additional isoflurane. All patients showed a classic stress response with an increase in circulating blood glucose, cortisol and growth hormone concentrations. Blood lactate and plasma uric acid concentrations changed little during operation, suggesting that tissue oxygenation was adequate. However, the former declined after operation, possibly as a result of the concomitant use of propranolol. There were no significant differences between the three hypotensive techniques in their effects on the hormonal and metabolic response, although the increase in blood glucose concentration in the trimetaphan group was obtunded. We conclude that induced hypotension for middle ear surgery induced an endocrine and metabolic response of small magnitude and short duration. (Br.
The classic endocrine and metabolic response to surgery is approximately proportional to the severity of the surgical trauma. For example, cardiac surgery results in large and sustained changes in catabolic hormone secretion with prolonged hyperglycaemia, whereas cataract extraction evokes only transient increases in circulating cortisol and glucose concentrations [1] . Hormonal responses to the use of induced hypotension for surgery have received considerable attention, but have been confined mostly to investigation of changes in sympathoadrenal activity and in the reninangiotensin-aldosterone axis [2] [3] [4] . Although Engquist and colleagues examined the glucose and cortisol response to middle ear surgery in six patients, it is not clear if induced hypotension was used [5] .
The aim of the present study was to compare the effects of three hypotensive regimens, isoflurane, sodium nitroprusside and trimetaphan camsylate, on the metabolic and endocrine responses to middle ear surgery conducted at a mean arterial pressure (MAP) of 55 mm Hg. The use of nitroprusside compared with trimetaphan is associated with an increase in sympathoadrenal activity [2] and would be expected to stimulate glucose and lipid metabolism. However, it is usual practice to administer a ␤ adrenergic blocking drug to prevent reflex tachycardia after induced hypotension and it is not known if the use of such an agent may modify the metabolic response.
Patients and methods
After obtaining approval from the Ethics Committee of the Royal National Throat, Nose and Ear Hospital and written, informed consent, 30 ASA I patients undergoing middle ear surgery were allocated randomly to receive isoflurane, sodium nitroprusside or trimetaphan camsylate to induce hypotension.
Patients were premedicated with papaveretum 0.3 mg kg 91 and hyoscine 0.006 mg kg 91 i.m., approximately 1.5 h before induction of anaesthesia. On arrival in the anaesthetic room, a radial artery cannula was inserted for measurement of arterial pressure and a central vein catheterized for administration of fluids. Routine monitoring commenced. After a rest period of at least 10 min, a control arterial sample was collected for measurement of metabolite and hormone concentrations.
Propranolol was given slowly i.v. to a total dose of 0.05 mg kg
91
, or was discontinued if heart rate slowed to 50 beat min 91 or less (seven patients in each group received the total dose). Five minutes later anaesthesia was induced with thiopentone and tracheal intubation facilitated with vecuronium 0.1 mg kg
. The lungs were ventilated with isoflurane and 50 % nitrous oxide in oxygen and the end-tidal partial pressure of carbon dioxide was maintained at 3.5 kPa. The patient was transferred to theatre and positioned on the table with an 8Њ head-up tilt. Measurement of arterial pressure continued with the transducer placed at the midaxillary line. Anaesthesia was maintained with isoflurane at an end-tidal concentration of 0.8 %. Sodium chloride solution (0.9 %) was infused i.v. at 5 ml kg 91 h 91 during surgery and at 3 ml kg 91 h 91 in the postoperative period.
Hypotension was induced before surgery with the aim of achieving and maintaining MAP at 55 mm Hg throughout surgery. Patients allocated to the isoflurane group received as much isoflurane as necessary to maintain this MAP. Patients in the remaining two groups continued with isoflurane at an end-tidal concentration of 0.8 %. In the trimetaphan group, MAP was controlled with an infusion of trimetaphan camsylate (500 mg in 0.9 % sodium chloride solution 490 ml) and the nitroprusside group by an infusion of sodium nitroprusside (50 mg in 5 % glucose 2 ml and 0.9 % sodium chloride solution 498 ml). The hypotensive drugs were given via a separate i.v. cannula. Any increase in MAP in response to surgical stimulation was treated by increasing the dose of the appropriate hypotensive agent. Neuromuscular block was maintained with an infusion of vecuronium.
Twenty and 40 min after the start of surgery, additional arterial samples were collected for measurement of hormone and metabolite concentrations. Towards the end of surgery the hypotensive agent was withdrawn to permit MAP to return to normal and haemostasis obtained. Papaveretum 0.2 mg kg 91 and prochlorperazine 0.15 mg kg 91 were given i.m. Residual neuromuscular block was antagonized by neostigmine and glycopyrronium. Haemodynamic monitoring was maintained for at least 2 h after completion of surgery and additional arterial samples collected 30, 60 and 120 min after normotension had been achieved. Glycopyrronium was given i.v. if heart rate was less than 50 beat min 91 .
METABOLITE AND HORMONE ANALYSIS
Blood glucose, lactate and pyruvate concentrations and plasma non-esterified fatty acid (NEFA) concentrations were determined enzymatically by standard methods [6] . Plasma uric acid values were measured colorimetrically using the enzyme uricase [7] . Serum cortisol, growth hormone (GH) and insulin concentrations were measured with sensitive and specific radioimmunoassays that have been described in detail previously [8] . The intra-and inter-assay coefficients of variation were 4.3 % and 7.0 % for cortisol, 8.2 % and 10.0 % for GH, and 6.6 % and 9.5 % for insulin, respectively. Packed cell volume (PCV) was measuring using the microcapillary method.
STATISTICAL ANALYSES
Parametric data are expressed as mean (SEM) and analysed using two-way analysis of variance (ANOVA), with Dunnett's test for within-group changes with respect to the control sample. Betweengroup changes were analysed by ANOVA. GH data were not normally distributed and therefore expressed as median (range). Within-group analysis was made with Friedman's two-way analysis of variance and between-group comparisons with the KruskalWallis test. P : 0.05 was accepted as significant.
Results
Two of the 30 patients studied had abnormally increased fasting blood glucose concentrations and data from these patients were excluded. There were no significant differences between the three groups in age, sex distribution, body weight, body mass index, time of surgery, type of surgery, duration of preoperative starvation, dose of propranolol and duration of hypotension (table 1) . The surgeons noted no difference in the quality of the operative field for the three hypotensive regimens and no patient showed any neurological sequelae.
ARTERIAL PRESSURE ( fig. 1 ) MAP decreased significantly in all three groups during surgery (P : 0.01) and after 40 min of surgery was 53, 55 and 55 mm Hg in the isoflurane, trimetaphan and nitroprusside groups, respectively. In the postoperative period, rebound hypertension did not occur and MAP was not significantly different from control values. There were no significant differences between the three groups.
METABOLITES

Blood glucose ( fig. 2)
Significant increases in blood glucose concentration were found in the isoflurane group (P : 0.05, 20 and 40 min of surgery) and nitroprusside group (P : 0.05, 40 min of surgery, P : 0.01, 30 min recovery). In contrast, the small increase in blood glucose in the trimetaphan group (5.3-6.1 mmol litre 91 ) failed to reach statistical significance. There were, however, no significant differences between the groups.
Blood lactate and pyruvate (table 2)
There was a small increase in lactate concentrations in all three groups with the onset of hypotension and surgery, but this change was not significant. In the postoperative period lactate concentrations declined and this change was significant in the isoflurane and trimetaphan groups (P : 0.01). There were no significant differences in lactate values between the three groups.
There were no significant changes in blood pyruvate concentrations within and between groups during the study.
Plasma NEFA (table 2)
Circulating NEFA concentrations decreased significantly in all three groups (P : 0.01, 20 min of surgery in the isoflurane and trimetaphan groups, and P : 0.01, 30 min recovery in the nitroprusside group). There were no significant differences between the three groups.
Plasma uric acid (table 2)
Uric acid values increased significantly after 40 min of surgery and 60 min recovery in the isoflurane group (P : 0.05), and after 60 min recovery in the trimetaphan group (P : 0.05). There were no significant differences between the three groups.
HORMONES
Serum cortisol ( fig. 3) Serum cortisol concentrations increased during surgery in all groups, but this change was significant only in the nitroprusside group (P : 0.01, 40 min of surgery). However, significant increases occurred in all three groups after 30 and 60 min recovery (P : 0.05 isoflurane and trimetaphan, P : 0.01 nitroprusside). There were no significant differences between the groups.
Serum GH (table 2)
GH concentration increased significantly in all groups after only 20 min of surgery (P : 0.01) and declined slowly in the postoperative period. There were no significant differences between the groups.
Serum insulin (table 2)
Insulin values decreased during surgery, but this change was significant only in the trimetaphan (P : 0.05, 20 and 40 min of surgery) and nitroprusside (P : 0.01, 20 min and P : 0.05, 40 min of surgery) groups. There were no significant differences in insulin values between the three groups.
Packed cell volume
PCV declined significantly in all three groups (P : 0.05 isoflurane, P : 0.01 trimetaphan, nitroprusside), but there were no significant differences between groups.
Discussion
All three groups of patients showed a typical metabolic and hormonal response to surgery with an increase in circulating glucose, cortisol and GH concentrations. The size and duration of the response were similar to that described in other forms of Myringoplasty (5) Myringoplasty (7) Myringoplasty (4) Stapedectomy (1) Stapedectomy (1) Stapedectomy (2) Mastoidectomy (2) Tympanoplasty (1) Mastoidectomy (1) Tympanotomy (1) Tympanotomy (1) Tympanoplasty (1) Ossiculoplasty ( "low-stress" surgery such as ophthalmic and surface surgery [9] . However, there were no significant differences between the three techniques of induced hypotension in their effects on the metabolic and hormonal changes. This finding was unexpected, as the use of nitroprusside during hypotensive anaesthesia has been shown to increase markedly circulating catecholamines during surgery compared with administration of trimetaphan [2] . It is possible that the use of propranolol i.v. before induction of anaesthesia may have attenuated any difference in sympathoadrenal response. Khambatta and colleagues [10] found that premedication with propranolol decreased the release of catecholamines resulting from nitroprusside-induced hypotension. Nevertheless, the trimetaphan group was the only group that failed to show a significant increase in blood glucose concentrations, suggesting a diminished sympathetic response. A similar effect on the glucose response to surgery was found when pentolinium was used to induce hypotension for hip surgery [11] . The abrupt decline in plasma NEFA values was an unusual observation in studies of the metabolic response to surgery. It has also been found after i.v. infusion of the potent antilipolytic hormone, insulin [12] . In the present study, it is likely that propranolol resulted in the decrease in NEFA concentrations. The triacylglycerol lipase enzyme in adipose tissue is particularly sensitive to ␤ adrenoceptor stimulation through the adenyl cyclase-cyclic AMP pathway [13] .
Circulating lactate concentrations represent the balance between the production and utilization of a metabolite with a high turnover rate of approximately 1.2 mol day
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. Alterations in blood concentration may be difficult to interpret, but it has been suggested that the typical lactate response to surgery at normal arterial pressure reflects an increase in sympathoadrenal activity [12] . This hyperlactataemia is associated with increased muscle glycogenolysis and hence lactate production, and is ameliorated by anaesthetic techniques, such as extradural analgesia and high-dose opioid anaesthesia, that are known to reduce the catecholamine response to surgery [6, 14] . With a decrease in MAP to 55 mm Hg during surgery in the present study, we expected an increase in circulating lactate as a result of cellular hypoxia, decreased hepatic and renal perfusion, or both. However, there was no significant change during surgery and a significant decrease in the postoperative period, possibly as a consequence of ␤ adrenoceptor block.
Increase in circulating uric acid has been suggested as an indicator of cellular hypoxia [15] . Loss of adenosine triphosphate and its degradation to purine metabolites leads to an increase in uric acid production during hypotensive events [16] . Although we observed the occasional significant increase in plasma uric acid, all values remained within the normal range (: 0.4 mmol litre 91 ). Our results suggest that, on the basis of two biochemical indices of hypoxia, lactate and urate, oxygen delivery is adequate during normovolaemic hypotension in healthy patients. However, regional hypoperfusion cannot be excluded.
There was a rapid increase in GH secretion to values seen commonly in major abdominal surgery [8] . In contrast, mean cortisol concentrations remained less than 500 nmol litre
. It is possible that the concomitant use of propranolol modified pituitary hormone secretion. In humans, it is clear that GH secretion is stimulated by ␣ 2 adrenoceptors and inhibited by ␤ adrenoceptors, but the effects of adrenergic drugs on ACTH secretion are ambiguous [17] .
In conclusion, the use of induced hypotension for middle ear surgery is associated with a metabolic and endocrine response which is modified in part by the concomitant use of a ␤ adrenoceptor blocking drug. Our study did not allow us to differentiate between the specific effects of surgical stimulation, induced hypotension and propranolol. We speculate that normovolaemic induced hypotension in healthy patients after propranolol may not trigger catabolic hormone secretion in the absence of surgery. 
